THE retinal functions usually selected for the study and diagnosis of eye diseases are the light and colour sense as tested by the determination of the minimal and difference thresholds in central vision and with the perimeter and tangent screen in peripheral vision. There are other functions, however, which may also be worthy of consideration in this connection. A very important function is the changing sensitivity of the retina as a reaction to intensity-of light. In the maturity and versatility of this reaction the eye is unique.
When the photographic plate is acted upon by light there is a very rapid and a permanent loss of sensitivity. XVhen the retina is acted upon by light there is also a rapid loss of sensitivity, but the loss is much less rapid than for the photographic plate and is not permanent. When the light is shut off, the retina completely I HE BRITISH JOURNAL OF OPHTHALMOLOGY recovers its sensitivity unless damaging intensities have been used; but the rate of recovery is much slower than the rate of loss. Furthermore, any change in the intensity of light to which the eye is exposed is followed by an increase or decrease in sensitivity, depending upon the direction in which the change takes place. This capacity to change its sensitivity in reaction to intensity of light serves a very important purpose in the economy of vision. The sensorium functions effectively only within a certain range of intensity of excitation. When the intensity is too high, dazzle or glare results and the details in the image are confused; and when it is too low, the sensation difference between the details in the image becomes too slight to be discriminated. This adaptive function or capacity to change its sensitivity tends, therefore, to keep the retina functioning within the favourable range of excitation.
Other aspects of the excitation of the sensorium and the change in its excitability due to exposure to light are contrast and after-image. By contrast, brightness difference and certain colour differences between details in the image are accentuated in sensation. This is, of course, an important aid to their discrimination. Further, it is an important aspect of this aid that both brightnessandcolourcontrast are increased at low illumination where the physical conditions for visibility are poor, and that colour contrast is the greatest when there is little or no brightness difference in the details of the image to serve as a basis for their discrimination.
As their name indicates, after-images of themselves play no part in the sensory picture produced by the physical image on the retina. The positive after-image, which is of very short duration with a light-adapted eye, renders an important service, however, in giving smoothness and continuity to the visual experience of successive impressions without causing a confusing and troublesome overlapping of the impressions, and perhaps reduces the time of exposure that is required for their discrimination. Another important factor in the smoothness and continuity of the visual experience is the lag in the response of the retina. That is, if sensation rose to its full value immediately on receiving the impression and died away abruptly at the cessation of the stimulation, the visual experience would be disconnected and discontinuous as the eyes shift their fixation quickly from one object to another or when for any reason It is scarcely conceivable that these more delicate and in some cases more complicated functions of the sensorium are not affected by pathological disturbances. They and other aspects of the visual response, such as the fusion of colours and of brightness and colour, the reaction to successive impressions at different rates of succession, etc., offer interesting possibilities for study in relation to diseases of the eye. Whether they can be made of service in diagnosis, however, remains yet to be determined. Success in this respect depends in very large measure on the methods that are devised for the control of the variable factors which influence the results, on the instruments which are used for applying these methods and on the predetermination of correct and suitable critical values to serve as a basis for detecting pathological disturbances and for differentiating between diseases. In carrying out our programme for the study of the diseases of the eye it is our intention to include as many of these functions as may be found to be feasible and of value for the purpose.
Of these, the processes involved in the change in sensitivity with change of intensity of light would seem to be the most obviously fundamental and important. Also their apparent similarity to the bodily processes of fatigue and recovery suggests that they may have greatsusceptibilitytopathologicaldisturbances. It has been our purpose in the present study to consider in relation to the light sense the slower of these two processes and, for that reason, the one more feasible for testing, namely, the changes in the sensitivity to light which occur during dark adaptation. This study has involved the determination of the light minimum immediately after a suitable length of exposure to light of a given intensity and at selected intervals after the light was shut off through a period of 20 minutes. In the following paper will be given tabular results for 206 carefully selected non-pathological eyes; distribution curves which show the frequency of occurrence of the various values of light minimum at the end of the period of light adaptation and after 20 minutes of dark adaptation; curves plotted at significant points in the distribution of cases, which show the rapidity of change of the light minimum during the intervals selected for making the determinations; and as a special aid in making a diagnosis or classification, a chart which shows the median, the 95 and the 5 percentile curves. The place of these curves in the entire group may be indicated as follows: 50 per cent. of the cases gave values of light minimum equal to or better than those represented in the median curve and 50 per cent. equal to or worse; 5 per cent. gave values equal to or worse than those shown in the curve selected to represent the upper normal limit; and 5 per cent. gave values equal to or better than those shown in the curve selected to represent the lower normal limit. The 5 percentile curve (called in the chart the upper normal limit) has been chosen by us as representing values of the light minimum and course of adaptation which may be considered as suspicious or borderline between healthy and pathological eyes. By drawing the curves for any given eye on this standard chart, its relationship to the selected group of normal eyes may be readily seen. We have found these charts to be of very great value in the detection of pathological disturbances, especially in borderline and near-borderline cases when the help is most needed, and in evaluating small changes in the advance and recession of such disturbances in many ocular diseases.
Method of Working
The determinations were made with the Ferree-Rand instrument for testing the light sense and the amount and rapidity of light and dark adaptation. This instrument was devised for the control of all the factors which influence the results of the test for sensitivity to light and for making a specification by direct measurement of the amount of light entering the eye in any determination. It has been described and its features and advantages enumerated in a previous paper. * CRITICAL VALUES OF DARK ADAPTATION The instrument made it possible to do the work under the precise conditions of measurement and control that are needed in making standard determinations. Some of these were: (1) All variable effects due to size of pupil, accommodation, distance of projection of the image and errors of refraction were, as far as is possible, eliminated from the results; (2) the eye was presensitized to a constant state of light adaptation before each series of determinations was begun; (3) determinations of the light minimum were made with a constant degree'of light adaptation and after fixed intervals of dark adaptation; (4) fixation was maintained in all cases with a very satisfactory degree of accuracy; (5) the density of light or the amount entering the'eye per unit area of stimulus was measured directly and expressed in terms of lumens x 10-10 per sq. mm. of stimulus; and (6) a means of making an objective check on the judgment was provided.
After considerable preliminary experimentation on the effect of size an'd shape of stimulus on the results, an oblong stimulus subtending a visual angle of 10 degrees in the horizontal dimension and-3 degrees in the vertical was chosen as the most suitable for making the standard determinations. As an objective check on the judgment this stimulus could be rotated when desired into any position within a range of 180 degrees.
As an aid to the control of fixation, the test was always begun at an intensity at which the stimulus was visible and the observer was instructed to look at its centre. The light was then rapidly decreased until it was reported as no longer seen and then again increased to the threshold of visibility. Little or no difficulty was experienced in the control of fixation for a stimulus of this size as its edges extended into the more sensitive peripheral retina and there was in consequence no incentive for the eye to take an eccentric fixation, i.e., the stimulus was most clearly seen when its centre was fixated. It can be readily understood that the use of any luminous device within the stimulus area for the control of fixation, however low the luminosity, would not have been desirable because of the effect it would have had on the value of the light minimum. It can be further understood that circumscribed devices such as we have described in a former paper* would not be effective with the size and shape of stimulus which we have found best to use in making these determinations; and that the blind spot control which we also described in that and other papers is entirely infeasible' for any type of clinical work. With the size of stimulus and the method used in making the determination a very satisfactory reproducibility of result was obtained 
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for any given observer and a sufficiently narrow range of scatter in the group of observers. This is commonly accepted as the final and practical check on adequacy of control.
In order that each series of determinations should be begun with the eye in as nearly the same state of sensitivity as possible, the observer was adapted for 20 minutes in a lighted room before the test was begun. The walls and ceiling of the room were of rough plaster painted flat white. The room was illuminated by a centrally located ceiling fixture of the indirect type, specially designed to be completely glareless. To secure a higher illumination near the position of the observer than was given by the ceiling fixture, a floor lamp was used in addition, designed also to be completely free from glare. The horizontal component of illumination at the position of thie observer was 16 ft.-c.; the component normal to the reading page 11 ft.-c. At the end of this period the observer was seated in position in front of the instrument. To compensate for inequalities in the time which this allowed for recovery of the eye at different sittings and further to complete and standardize the pre-sensitization of the eye, the test was begun by requiring the observer to look for three minutes into the illuminated pre-exposure field of the instrument. This field is circular in shape and subtends an angle of 36 degrees at the eye. The density of light in the field was 17 x 10 8 lumens per sq. mm. This value is approximately 550 times the average value of the light minimum for all the observers in the group at the beginning of the period of adaptation and 447,000 times that value after 20 minutes of dark adaptation. At the end of the pre-exposure period, the plate containing the stimulus aperture was dropped into position and the light reduced to threshold intensity as quickly as possible by the interposition of a neutral filter of the proper density and the rapid adjustment of the distance of the lamp of the instrument until the observer reported the disappearance of the stimulus. The light was then quickly increased until the stimulus reappeared and the point of reappearance was taken as the light minimum.
The light minimum was determined in this way at the end of the three minute pre-exposure period and at selected intervals thereafter until little or no change in sensitivity could be detected. The intervals used were 1, 2, 5, 10, 15 atid 20 minutes. There was, of course, some slight variation in the time consumed in arriving at the final determination, but in general this time was no longer than three seconds. As might be expected, the data for the first point of the curve were found to be more variable than for the others, due to the fact that the exact time at which 67PI/8 (N= 206) . Results for these groups are given in Table II and Fig. 1 In Fig. 1A given for the group above 35 years of age; and in Fig. lc , for the total group. The distance between the two limiting curves represents the middle 90 per cent. range of values; that between the second and fourth curves, the middle 50 per cent. In Fig. 2 in the light minimum. The importance of such treatment, however, is much less than it might seem to be because of the very great magnitude of the difference between the minimum before and after the period of dark adaptation-of the order of 1 to 1,000. In any comparison that might be made, therefore, the relationships from individual to individual will be very similar to those obtained for the values of the light minimum before the period of dark adaptation, too similar to justify the space that would be required for their presentation here. A sufficiently good conception of the individual differences in both of these respects can be had by CRITICAL VALUES OF DARK ADAPTATION inspecting the shape of the adaptation curves, given in Fig. 1 chance observations, erratic judgments, fatigue, values affected unduly by the "streaming" phenomena which occur during prolonged periods in the dark, momentary fluctuations in the control of the physical conditions of experimentation, etc. These borderline values are shown in the upper curves of the record sheets reproduced in Fig. 3 . At A is shown the record sheet used for the younger age group, and at B that for the older group. In order better to aid in the orientation of any new case examined in relation to a suitably sampled group of non-pathologica'l subjects, the median or middle 685 group.bmj.com on May 30, 2017 -Published by http://bjo.bmj.com/ Downloaded from 6THE BRITISH JOURNAL OF OPHTHALMOLOGY adaptation curve is also represented and the curve for the 95 percentile case, called in the chart the lower normal limit of the light minimum. When the curve for such a case has been plotted on the record sheet, inspection shows immediately whether it falls within or outside the normal limits, and whether above or below the median. Further, these items of information are readily obtainable for the early, middle or late periods in the course of adaptation.
For convenience of judging and preserving the results obtained in clinical testing, they should for each case examined be plotted in the form of a curve on the record sheet or standard chart noted above. When the Ferree-Rand instrumnent is made available to the medical profession these charts will be supplied with the instrument. Their use as record sheets is shown in Fig. 4 . In this figure, in order to save space, the curves for several pathological cases which show a reduced light sense are plotted on one chart. These curves were taken at random from our files and since they are presented only to illustrate the use of the record charts and not to represent results which may be regarded as typical in various pathological conditions, the diagnoses are not given. In later papers we hope to give data which will fairly represent the effect of the various ocular diseases on the light sense and on dark and light adaptation.
The data given in Figs. 1 
Summary
In the foregoing paper the light sense and the amount and rapidity of dark adaptation are studied in relation to the needs and requirements 'n clinical work. Values are given for the light minimum on 206 eyes at ages ranging from 9 to 70 years, 114 male and 92 female. Determinations were made at the end of a standardized period of light adaptation and after 1, 2, 5, 10, 15 and 20 minutes of dark adaptation. Curves were plotted to show the distribution and range of scatter of the results obtained and a brief statistical treatment is given to bring out points of interest and value in diagnosis.
For the purpose of determining norms for clinical use the observers were divided into two groups-those under and those over 35 years of age. The 5 percentile values were selected as critical or borderline, and were plotted in the form of a curve to be used as a standard in the examination of new cases. Two record sheets are shown, one for each of the age groups, on which this curve was plotted and in addition two other curves, representing respectively the median and the 95 percentile values, in order better to aid in the orientation of the results of any new case examined in relation to those obtained from a group of non-pathological cases. These record sheets should be supplied with the instrument used for making the test. THIS disease, primary glaucoma, as we know, is the subject ot much debate as to its cause and as to the most effective manner of treatment.
With your permission I shall divide this disease into two kinds, viz., that which is associated with non-cupping of the optic disc, and that form which has cupping of the optic disc.
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